Epidemiology [3] It is estimated that nearly 12% of infants born weighing less than 1500 g will develop NEC and about 30% of these infants will not survive. [4] More than 85% of all NEC cases occur in infants of very low birth weight or in very premature infants. [5] Full-term and nearterm infants also develop the disease. Patent ductus arteriosus is a risk factor in premature babies, especially if conservative closure using indometacin has been attempted. In full-term infants, NEC is usually associated with predisposing or underlying disorders:
Perinatal asphyxia. Polycythaemia. Respiratory distress. Congenital anomalies (myelomeningocele, congenital heart disease). Cow's milk protein-induced enterocolitis and glucose-6-phosphate dehydrogenase deficiency have been mooted as possible pathophysiological mechanisms.
Antibiotic treatment for more than 10 days has been reported as an independent risk factor. [6] Pathophysiology [7, 8] Despite a lot of research over many years, the aetiology remains elusive. It involves serious intestinal injury following a combination of vascular, mucosal, toxic and possibly other insults to a relatively immature gut. A genetic predisposition may also play a part. Epidemic clusters have suggested an infective aetiology and viral, fungal and bacterial agents have all been isolated, although many infants have negative culture findings. The fact that organisms found in NEC babies are also found in healthy babies suggests that damage to the intestinal mucosa is the main underlying problem, resulting in spread of commensural organisms beyond their normal location. Colonisation by pathological organisms may also occur (eg, Escherichia coli, Klebsiella spp., Salmonella spp., Staphylococcus epidermidis).
NEC does not occur in utero. Colonisation of the gut with either commensal or pathogenic bacteria may affect maturation of the innate immune system (pattern recognition receptors and microbial-associated molecular patterns). Hyperactive inflammation in infants, caused by inadequate or altered colonisation of the gut, may cause deficiencies in dampening of bacterially mediated inflammatory pathways.
Clinical presentation

History
The classical form of NEC usually occurs in preterm neonates in the first two weeks of life. [7] In premature babies there is often a history of initially making progress on enteral feeding. There is an increase in incidence after blood transfusion for asymptomatic anaemia. Feeding difficulties may be noted by nursing staff and there may be concerns about vomiting or abdominal distension.
Examination
Abdominal distension with increasing gastric aspirates. Visible intestinal loops. Altered stool pattern. Bloody mucoid stool and bilious vomiting. Decreased bowel sounds with erythema of the abdomen. Palpable abdominal mass or ascites. Associated features are bradycardia, lethargy, shock, apnoea, respiratory distress, temperature instability.
Differential diagnosis [3] Sepsis. 
Investigations
Blood laboratory tests are nonspecific but cultures, FBC, blood gas and baseline biochemistry should be taken and lend support to the diagnosis: Severe or persistent thrombocytopenia, neutropenia, coagulopathy or acidosis indicate severe disease. Serial C-reactive protein may be useful, with persistently high levels associated with complications (stricture, abscess). Blood gases may assist in the diagnosis of respiratory distress or acute lactic acidosis.
Diagnosis is confirmed by abdominal X-ray (AXR) -supine and decubitus/erect -and should be performed as soon as the diagnosis is suspected. Serial abdominal films are taken. Bowel wall thickening, persistent bowel loops that are filled with gas, and overall gaseous distention may suggest NEC but these X-ray findings are not specific. [9] Ultrasound scanning may also be useful, particularly in identifying portal air, areas of walled-off perforation or ascites.
Other imaging techniques being developed include contrast radiography, portal vein ultrasonography, MRI and radionuclide scanning. Newly developed biomarkers may prove helpful in achieving early diagnosis. These have been suggested as screening tests for at-risk babies. [10, 11, 12] Various non-invasive methods are also being developed. [13] Staging [14] Stage I -suspected NEC: Systemic: nonspecific signs such as temperature instability, lethargy, apnoea, bradycardia.
Gastrointestinal tract (GIT): gastric residuals, occult blood in stool. AXR: normal/nonspecific changes.
Stage IIA -definite and mild NEC: Systemic: nonspecific signs. GIT: abdominal distension ± tenderness, absent bowel sounds, frank blood in stool. AXR: ileus, focal pneumatosis intestinalis.
Stage IIB -definite and moderate NEC. Systemic: mild acidosis, thrombocytopenia. GIT: abdominal wall oedema, tenderness ± mass. AXR: extensive pneumatosis intestinalis, early ascites, ± intrahepatic portal gas.
Stage IIIA -advanced NEC: Systemic: respiratory/metabolic acidosis, apnoea, hypotension, decreasing urine output, leukopenia, disseminated intravascular coagulation (DIC). GIT: spreading oedema, erythema, induration of the abdomen. AXR: prominent ascites ± persistent sentinel loop, no perforation.
Stage IIIB -advanced NEC: Systemic: deteriorating vital signs, shock, electrolyte imbalance. GIT and AXR: signs of perforation.
Management [3] Nil by mouth to rest the bowel. Nasogastric or orogastric tube to decompress the bowel with low intermittent orogastric suction. Intravenous (IV) fluids, total parenteral nutrition (TPN) and IV antibiotics for 10-14 days: Ampicillin/gentamicin or cefotaxime. Plus metronidazole or clindamycin.
Antifungals should be considered for babies who have recently been on lengthy courses of antibiotics or are not responding to antibiotic treatment.
Upper gastrointestinal small bowel follow-through is sometimes performed therapeutically in resolving NEC where intestinal obstruction develops as a result of a fibrous band or stricture. Paracentesis for ascites may be necessary. Treat shock, DIC, etc. Very ill babies may benefit from blood pressure support with vasopressors (eg, naloxone, dopamine). Surgery if a deteriorating or perforated/necrotic bowel is suspected (eg, free air on abdominal radiography). Up to 20% to 40% of infants with NEC will need surgical intervention at some point. [15] Peritoneal drainage appears to be of equal effectiveness to laparotomy, although further research is needed. [16] Intubation/ventilation for apnoea. Oral feeds can be restarted 7-10 days after pneumatosis clears.
Complications and prognosis [17] Perforation. Acquired short bowel syndrome (following surgery). Stoma-related complications. [18] DIC. Sepsis and shock. Intestinal strictures (~30%). Enterocolic fistulae. Abscess formation. Recurrent NEC (rare) Iatrogenic complications -eg, central venous catheter-related thrombotic events and nosocomial infections, metabolic complications secondary to prolonged hyperalimentation (a nutrient mixture given to premature babies before giving milk). The overall survival rate is 75% but mortality varies considerably according to birthweight (10-44% in infants less than 1500 g, 0-20% in infants over 2500 g).
Other forms [19] There is another NEC that affects older children and adults. It is known by different local names over the globe (for instance, 'Darmbrand' in Germany and 'pigbel' in Papua New Guinea).
Occurring either sporadically or in epidemics, it is thought to be due to food contaminated with different strains of Clostridium perfringens (type A for most sporadic cases and probably type C for larger outbreaks). [20] The disease course usually involves abdominal pain, vomiting, fever and bloody diarrhoea. In severe cases, shock follows and the mortality rates can be very high (30-100%). Treatment follows the same principles as the neonatal form (bowel rest, antibiotics +/-surgery) but would depend on available local medical and surgical services.
Prevention
Feeding with human milk is known to be an effective intervention in the prevention of NEC. [21] Other interventions have a limited evidence base but have focused on reducing the multiple contributing factors in a susceptible host.
Interventions that have been tried include: [3] Factors relating to feeding: Correction of hypovolaemia, hyperviscosity and allowing adequate time for homeostatic mechanisms to mature before the enteral feeding challenge is begun. Starting feeds slowly using formulas of low volume. [22] Small increments (20 ml/kg/day) when increasing feeds. Avoiding hyperosmolar medications and feeds. Conservative feeding. Trophic feeding rather than extended bowel rest. [23] Some have suggested steroids for women in preterm labour. [23] IgA supplementation (IV Ig prophylaxis of neonatal infections not protective). Arginine supplementation. Erythropoietin. Oral antibiotics. Probiotics. [24] Implementation of strict infection-control measures to prevent faecal and oral spread of organisms.
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